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Abstract. We have carried out a detailed analysis of the IUE archival high resolution spectra of the classical nova
V1974 Cyg 1992. The main UV resonance lines show P Cygni profiles in the first days, which change into symmetric
pure emission lines, and then slowly become fainter and narrower. Lines of higher ionization species reach their
peak luminosity later than those of low ionization. This can be explained by a fast wind which is optically
thick in the early days, when the pseudo-photosphere is located inside the wind. As the mass loss decreases,
the radius of the pseudo-photosphere schrinks. This has three effects that explain the observed changes: (1) the
deeper accelerating layers of the wind become visible where the emission lines are formed by collisional excitation
and/or recombination, (2) as the mass loss rate decreases the emission comes from deeper regions of the wind
where the velocities are smaller, (3) the effective temperature and the degree of ionization increase. In addition
to the P Cygni and emission lines, we could identify two shortward shifted absorption systems which originate
in two separate expanding shells, outside the wind layers where the emission lines are formed. The velocity of
both shells increase with time. The outer main shell, containing most of the matter ejected at the outburst,
produces the so-called “principal absorption line system”, and the inner faster moving second shell produces the
so-called “diffuse–enhanced absorption line system”. The acceleration of the two shells is the result of increasing
line-radiation pressure due to the UV-brightening of the star as the effective radius decreases. Around day 60
the second shell has overtaken the slower moving principal system shell, and merged with it. This explains: the
sudden disappearance of the diffuse line system near that date, the upward jump of ∆v = 240 km s−1 in velocity
of the principal system and the first detection of hard X–ray emission on day 63. This velocity jump indicates
that the main shell is ≈ 4 times more massive than the second shell. The deceleration suffered by the diffuse–
enhanced system after the shock provides a shock temperature Tshock ≈ 1.6 keV, in fairly good agreement with
the temperature of the observed hard X–ray emission. The UV observations are interpreted through an empirical
model in which the pre–nova slow wind phase is followed by the ejection of two shells, where the principal and
the diffuse–enhanced absorption systems are formed, and by a phase of fast continuous lower density wind. Our
empirical expansion velocity law for the principal system, together with Hα interferometric observations of the
angular radius on day 10 are used to determine the distance to the nova, which is found to be 2.9 ± 0.2 kpc, in
agreement with HST imaging and with the absolute magnitude versus rate of decline relationship.
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1. Introduction
V1974 Cyg (Nova Cygni 1992) was discovered in outburst
by Collins (1992) on 1992 February 19.07 UT (J.D. =
Send offprint requests to: A. Cassatella
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2448672.3) at a visual magnitude V = 6.8. The discovery
time will be taken as day zero all through this paper.
The true time of the outburst of V1974 Cyg can be
roughly estimated by comparing its visual light curve,
characterized by an optical decay time t3 = 42 ± 2 days
(Chochol et al. 1993), with that of two novae having a
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very similar value of t3 of about 40 days: N Lac 1910.9
and N Mon 1918.0. The rise time from quiescence to max-
imum is ≈ 8 days for both objects (cf. the light curves
in Cecchini & Gratton 1942). We can then estimate, by
analogy, that the outburst of V1974 Cyg took place about
8 days before optical maximum, i.e. about 4.6 days before
the reported discovery. An independent guess of the effec-
tive date of outburst can be made by extrapolating the
pre-maximum light curve of V1974 Cyg to the magnitude
at quiescence, as quoted in Andrillat & Houziaux (1993).
We obtain in this case that the outburst took place at
least 2 days before the time of discovery. By averaging the
two estimates, we obtain that the outburst has probably
taken place about 3.3 days before the discovery time (our
adopted day zero).
V1974 Cyg has immediately caught the attention
of observers because of its exceptional brightness at
maximum (Vmax ≈ +4.4 visual magnitude) reached on
February 22.5 (Rosino et al. 1996) and consequently, as be-
ing an easy target for multiwavelength observations, which
were soon extended to the ultraviolet, radio, infrared and
X–rays. These abundant data represent a unique oppor-
tunity to get insight into important questions concerning
the nova phenomenon.
In this paper we study the dynamics of the expanding
envelope of V1974 Cyg through the analysis of the veloc-
ity variations of the ultraviolet absorption lines. Our main
purpose is to get insight on the velocity law of the absorp-
tion systems, on their origin and possible interaction, and
on the velocity and ionization stratification within the en-
velope.
In general the optical spectra of classical novae
show four systems of shortward shifted absorption lines
(McLaughlin 1960). In order of appearance, of increas-
ing radial velocity and degree of ionization these sys-
tems are: the pre–maximum, the principal, the diffuse–
enhanced and the Orion systems. (For a critical review of
the controversial interpretation of the absorption line sys-
tems in novae see Friedjung & Duerbeck (1993)). In this
paper we will adopt this classification scheme.
2. Observations
The difficulty of line identifications in the ultraviolet spec-
tra of novae during early outburst is sensibly alleviated in
the case of V1974 Cygni thanks to the very large amount
of spectra (about 330) obtained with the IUE satellite at
both high and low resolution covering roughly 0.8 and 3.3
years of the nova evolution, respectively.
We mainly concentrate on the analysis of the high
resolution observations of V1974 Cyg (about 140 spec-
tra), which cover 200 days and 330 days of its post–
outburst evolution in the SWP and LWP cameras, re-
spectively, at a resolution of about 25 km s−1. However,
there is unfortunately an observational gap between day
53 and 60, where important changes have probably taken
place, as discussed later. The data were retrieved from the
INES (IUE Newly Extracted Spectra) system through its
Fig. 1. Temporal evolution of the visual magnitude (from
IAU circulars), of the observed fluxes in the 1455 A˚ con-
tinuum and of some strong emission lines (from IUE low
resolution spectra), and of the hard X–ray PSPC ROSAT
emission (counts/s) (from Balman et al. 1998). IUE fluxes
in the continuum and in the emission lines are in units
of 10−12 erg cm−2 s−1 A−1 and of 10−12 erg cm−2 s−1,
respectively
Principal Centre at http://ines.laeff.esa.es. A full
description of the INES system for high resolution spec-
tra is given in Gonza´lez–Riestra et al. (2000).
We have also used IUE low resolution spectra to high-
light specific aspects of the flux variations which cannot
be studied at high resolution given the ≈ 90 times lower
detection efficiency. In Fig. 1 we plot as a function of time
the ultraviolet continuum flux in a band 20 A˚ wide cen-
tered at 1455 A˚, and the flux of some strong emission lines
covering a wide range of ionization energy. A character-
istic feature of the emission lines is that the higher their
degree of ionization, the later they reach a flux maximum:
the maximum emission takes place on day 21 for Mg ii
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2800 A˚, day 42 for O i 1300 A˚, day 77 for C iii] 1909 A˚,
day 143 for O iii 3132 A˚, and day 215 for Nv 1240 A˚.
Note that the O iii 3132 A˚ line is one of the cascade tran-
sitions produced via the Bowen fluorescence excitation of
O iii by He ii Lyman α (Saraph & Seaton 1980), and can
thus be used to track the He ii 1640 A˚ flux variations.
(The He ii line itself is not easily measurable at low reso-
lution.) Similarly, the OI line is pumped by fluorescence of
Lyman β and therefore reflects the strength of the Lyman
β emission (see Cassatella et al. 2002, hereafter Paper I).
In Fig. 1 we show also, for further reference, the optical
light curve (top; from the IAU Circulars) and the hard X–
ray flux (bottom; from Krautter et al. 1996). Additional
information on the UV spectral evolution of V1974 Cyg
(and other novae) from IUE low resolution spectra can be
found in Paper I.
3. Spectral evolution of the P Cygni profiles and
the UV emission lines
In the following we discuss the spectroscopic changes of
the following lines: Mg ii 2800 A˚, S ii and Si ii 1250-1265
A˚, C ii 1335 A˚, O i 1300 A˚, Al iii 1860 A˚, Si iv 1400 A˚,
C iv 1550 A˚, Lyman α and Nv 1240 A˚, which are shown
in Figs. 2 and 3.
3.1. P Cygni lines
The UV spectra of V1974 Cyg generally show prominent
P Cygni profiles in the resonance lines, especially at the
earliest stages of the evolution. The strongest of these fea-
tures is the Mg ii 2796.35, 2803.52 A˚ doublet. It is useful
to take it as a prototype for the evolution of the other P
Cygni lines because it lies in a region of relatively low line
blanketing and is thus easier to interpret.
3.1.1. Mg ii 2796.35, 2803.52 A˚
A sample of Mg ii profiles starting from day 1.3 after dis-
covery is given in Fig. 2a. A complete gallery of the Mg ii
profiles is shown in Shore et al. (1993).
In the first IUE high resolution spectrum of day 1.3,
this line has a marked P Cygni profile consisting of
strong emission and of very broad, shallow, and short-
ward shifted absorption extending to an edge velocity
vedge= 3360 km s
−1. The broad absorption component
indicates that there is a large velocity gradient in the col-
umn to the observer.
The equivalent width of the emission component on
day 1.3 (about 65 A˚) exceeds that of the absorption by
about 30%. This indicates that the line is not formed
by pure resonance scattering, but shows the presence
of an extra source of excitation by electron collisions
(Castor & Lamers 1979; Lamers, Cerruti–Sola & Perinotto
1987). This mechanism has been already suggested for
the interpretation of the Mg ii profile in V1668 Cyg 1978
(Cassatella et al. 1979).
The evolution of the Mg ii line during the first two
weeks can be described as a change from a P Cygni pro-
file at day 1.3 into a pure emission profile at day 6 and
later. The intensity ratio of the emission with respect to
the absorption component increases from about 1.3 in the
spectrum of day 1 to about 6 on day 14. The strengthen-
ing of the Mg ii emission continues until day 21, when a
maximum value is reached (see Fig. 1).
The broad absorption component of the P Cygni pro-
file decreases in strength with time until, by day 16, it has
vanished. When it gets weaker, it unveils the presence of
much narrower violet–shifted absorption lines, which can
be identified as belonging to the principal absorption sys-
tem. (These lines are possibly present also before day 16,
but cannot be detected due to the depth of the P Cygni
absorption component.) The radial velocity of these com-
ponents increases with time (see Fig. 2a) reaching -2020
km s−1 on day 135, the last time these lines are seen (see
Sect. 4.1). Note that the diffuse–enhanced components are
not seen in Mg ii (see Sect. 4).
From day 53 to day 211 one can detect, superimposed
to the Mg ii emission, narrow absorption components from
the same doublet at a constant radial velocity of about
-600 km s−1(see Fig. 2a). These components will be dis-
cussed in Sect. 4.2.
On day 192, the Mg ii line appears blended with the
[Mgv] 2783 A˚ emission, which on day 296 reaches about
half the intensity of Mg ii (see Fig. 2a). By this time the
nova is far into the nebular phase. (The [Mgv] emission
may be present at earlier times, but is too faint to be
detected.)
3.1.2. S ii uv1 and Si ii uv4
The S ii uv1 and Si ii uv4 transitions appear as emission–
absorption features in the high resolution early spectra
after day 16, when they start becoming detectable. As
shown in Fig. 2b, only the principal system is present in
these low excitation lines.
3.1.3. C ii 1334.53, 1335.68 A˚
The C ii resonance doublet in Fig. 2c shows a marked
P Cygni profile, although it is barely recognized in the
earliest high resolution spectra due to the poor signal
level and the heavy line blending. The emission com-
ponent, like that of Mg ii, is stronger than the absorp-
tion, and is flanked by narrow overlying absorptions which
nearly disappear after day 35–40. The components from
the C ii principal and diffuse–enhanced systems are both
detectable until day 53, but their radial velocities cannot
be determined accurately because of the small separation
of the doublet lines (the radial velocities indicated in Fig.
2c are merely indicative and will not be used elsewhere).
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Fig. 2. Evolution of the line profiles in the region of Mg ii, S ii and Si ii 1250-1265 A˚, C ii 1335 A˚, and O i 1300 A˚. The
x and y axes report wavelengths in A˚ and fluxes in units of 10−12 erg cm−2 s−1 A−1. The main absorption features
and the corresponding radial velocities are indicated for the individual lines or multiplets (0 labels the laboratory
wavelength, but sometimes is omitted). Transitions from the 0 eV level are indicated as vertical dotted lines
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Fig. 3. Same as as in Fig. 2 for the lines of Al iii, Si iv, C iv, and Nv. See Fig. 6 for a complete identification of
the C iv region on day 28 including the diffuse–enhanced absorption lines from Fe ii. The position of the absorption
through of the C iv line on day 28 and the wavelength corresponding to its edge velocity on day 60 are indicated with
an arrow. Panel (d) shows the profiles of hydrogen Lyman α and Nv at four epochs. To help in the identifications,
we have indicated with a dashed line a rough approximation of these emissions with a Gaussian function. Note the
progressive narrowing of the two emission lines, and the presence of absorption components from the principal system
in the short wavelength wing of Nv on day 123, and of low velocity components at ≈ -600 km s−1 on day 192 (see
Sect. 3.1.8)
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3.1.4. O i 1302.17, 1304.86, 1306.02 A˚
The evolution of the O i uv1 resonance triplet is shown
in Fig. 2d. This line is blended with the Si ii uv3 multi-
plet. Note the broad and asymmetric shape in the earliest
spectra, and the apparent absence of the diffuse–enhanced
absorptions from both ions. Since this line is formed by
fluorescence (see Sect. 2), its profile cannot be considered
as a classical P Cygni profile.
3.1.5. Al iii 1854.72, 1862.78 A˚
As shown in Fig. 3a, the behaviour of the Al iii uv1 doublet
is in some respects similar to that of Mg ii: its shortward
shifted absorption on day 1.3 has about the same edge
velocity (vedge ≈ 3150 km s
−1) as Mg ii; the strength
of the emission exceeds that of the absorption, their ratio
being an increasing function of time; it appears as a strong
feature already in the earliest spectra (this property is
common to other Neon novae, see Shore et al. 1994).
The first radial velocity measurements of the princi-
pal system become possible on day 6.3, and give a value
of about - 1200 km s−1 (note that the principal system
components were not detectable before day 12.3 in Mg ii).
Later on, on day 34, due to the very strong and wide ab-
sorption, the higher velocity components from the diffuse–
enhanced system also appear, at a radial velocity of about
-2600 km s−1. The Al iii diffuse–enhanced absorption sys-
tem is clearly present until day 60, but is certainly absent
in the following observation of day 80.
3.1.6. Si iv 1393.76, 1402.77 A˚
As shown in Fig. 3b, the 1400 A˚ region is crowded with
absorption lines. The shortward shifted absorption com-
ponents from the principal and the diffuse–enhanced ab-
sorption systems of the Si iv resonance doublet begin to
be seen clearly on day 6.3. Unlike Mg ii and Al iii, the P
Cygni emission component of Si iv does not show up in
the earliest spectra, due to the strong overlying absorp-
tion, but starts to emerge around day 23, and becomes
quite strong on day 53. The diffuse–enhanced system is
absent after day 60, the same as for the Al iii line.
3.1.7. C iv 1548.20, 1550.77 A˚
The C iv resonance doublet is a very interesting feature
for the way it gradually emerges and eventually shows up
clearly in the spectra due to the decrease of overlying ab-
sorption by Fe ii lines. Its evolution is shown in Fig. 3c.
For a detailed identification of the Fe ii lines on day 28 see
Fig. 6. One can easily appreciate that the 1550 A˚ region
is strongly blanketed by overlying absorption lines from
the principal and diffuse–enhanced systems of Fe ii uv44
and uv45, and of Si ii uv2 (see also Sect. 4.1). The line
blending and the degree of saturation is so severe that
the identifications are very difficult in the earliest spectra
(see for example the spectrum of day 12 shown in the top
panel of the figure). Despite this, it is possible to recognize
the shortward shifted absorption trough of the C iv line al-
ready on day 12 and 28 (marked with an arrow in the latter
spectrum). The complete sequence of IUE spectra, which
cannot be shown here, indicates a progressive “clearing”
of the overlying absorption until around day 40, when the
P Cygni characteristics of C iv become evident. The over-
lying absorptions from Fe ii multiplets uv44 and uv45 be-
come drastically reduced when, sometime after day 53 and
before day 60, the components from the diffuse–enhanced
absorption system totally disappear. By day 146 the C iv
feature has narrowed considerably and the [Ne iv] 1600
A˚ forbidden line has become comparatively stronger, as
shown in Fig. 3c. The [Ne iv] line reaches the maximum
flux on day 173.
3.1.8. Nv 1238.80, 1242.78 A˚
The profile of the Nv A˚ resonance doublet is shown in
Fig. 3d together with that of hydrogen Lyman α. The
latter line shows a broad central absorption dip of inter-
stellar origin, discussed by Shore et al. (1993). The Nv
line begins to be clearly seen around day 47. By day 123
the short-ward shifted components of the principal sys-
tem become measurable. Their position are indicated in
the figure (note that the diffuse–enhanced components are
not expected for this late date).
On day 123 one also starts to detect the presence of
narrow shortward shifted absorption components of the
Nv doublet at a radial velocity of ≈ -600 km s−1, super-
imposed on the broad emission. Contrary to the principal
absorption lines, these components, which are indicated in
Fig. 3d for day 192, remain stable in wavelength until the
last good quality short wavelength high resolution obser-
vations of day 201. See Sect. 4.2 for a further discussion.
3.2. The widths of the emission lines
We have measured the full width at half maximum
(FWHM) of some of the strongest emission lines: Mg ii
2800 A˚, O i 1300 A˚, C iii] 1909 A˚, and N iii 1750 A˚. The
measured values, not corrected for the multiplet separa-
tion, are plotted as a function of time in Fig. 4 together
with an exponential fit to the Mg ii data. The figure shows
an initial rapid decrease of the line widths from ≈ 3800
km s−1 in the first days, to ≈ 2450 km s−1 on day 90.
After this last date, the curve enters a near–plateau region
characterized by a mean value FWHM ≈ 2140 km s−1. It
is not possible to interpret this value in terms of expan-
sion velocity of the nebular region because the multiplet
components cannot be separated due to the large veloc-
ity field. Still, the exponential decrease of the emission line
widths is a significant observational result in itself because
it suggests formation in the inner and denser regions of the
wind, where the expansion velocity is smaller.
We note that the width of the C iii] 1909 A˚ doublet is
not easy to evaluate because it is partially blended with
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Fig. 4. The width (FWHM) of some strong emission lines
as a function of time. The full line represents an exponen-
tial fit to the Mg ii data. The line widths were obtained
by fitting the line profiles with a Gaussian function (the
absorption components in the permitted lines were not
included)
the Si iii] 1893 A˚ doublet, as may be appreciated in the
spectrum of day 80 (see Fig. 5). Shore et al. (1993) sug-
gested a tentative identification of the 1893 A˚ feature with
Fe iii with possibly a contribution from C iii 1895 A˚. Our
main arguments in favour of the identification with Si iii]
are the following: a) the line was detected for the first time,
at its nominal wavelength, on day 80, i.e. at the same time
as the C iii] line (as it should, given the similar excitation
conditions); b) the flux ratio C iii]/Si iii] increased with
time (until the last high resolution observations on day
173), which is the expected consequence of the decreas-
ing electron density in the ejecta (Nussbaumer & Stencel
1987).
4. The absorption line systems
4.1. Description and evolution of the absorption line
systems
Examples showing the identification of the principal sys-
tem and of the diffuse–enhanced system at different dates
and in different spectral regions are shown in Figs. 2, 3, 5
and 6.
The first IUE short wavelength high resolution spec-
trum was collected on day 1.3, i.e. 2.2 days before visual
maximum. Its complexity does not allow accurate radial
velocity determinations to be made except in the 1890–
1930 A˚ region where, due to the lower opacity, one can
identify the principal system component of the Fe iii uv34
multiplet lines at 1895.45, 1914.05 and 1926.3 A˚ at a radial
velocity of roughly -500 km s−1 (see Fig. 5).
Fig. 5. Profile of the Fe iii multiplet uv34 at different
dates. Note the disappearance of the diffuse–enhanced sys-
tem by day 60 and the appearance of the Si iii] and C iii]
doublets by day 80. Fluxes are as in Fig. 2
The principal system (low velocity) is present in all the
permitted transitions studied. The diffuse–enhanced sys-
tem (high velocity) is detected in the same transitions as
the principal system (but only until day 60, as mentioned
before) with the exception of the zero volt lines of the
low ionization species of Mg ii (see Fig. 2a), S ii uv1, Si ii
uv4 (see Fig. 2b), and O i uv1 (Fig. 2d). This might be
due to the low signal level in the wings of the correspond-
ing emission line components. In any case, the presence of
the diffuse–enhanced absorption system components from
the excited levels of the O i 7773 A˚ triplet and the Mg ii
7876 A˚ doublet has been reported in the ground spectra
of V1974 Cyg obtained by Andrillat & Houziaux (1993)
during the early outburst. The higher excitation of the
diffuse–enhanced system compared to the principal sys-
tem suggests that the diffuse–enhanced system is formed
deeper inside the nova envelope (where the excitation con-
ditions are higher) than the principal system.
The absorption components from the principal system
are last seen in O i and Fe iii on day 60, Mg ii on day 135,
and Si iv on day 146. Their disappearance is the result
of a slow process caused by the increasing level of ioniza-
tion and by the decrease of the column density due to the
expansion.
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The diffuse–enhanced system lines are absent in the
spectra of day 1.3, but present in the spectra of day 6.3
and later. They have vanished suddenly after day 60 for
all the lines in which they had been detected earlier. The
exact time cannot be determined due to the observational
gap between day 53 and 60. This point is discussed further
in Sect. 4.3.3.
On day 42 ± 7, i.e. shortly before the disappearance of
the diffuse–enhanced system, the O i emission reached a
flux maximum (see Fig. 1). This event is a clear signature
that the envelope started to be transparent to the L β ra-
diation which pumps this transition (Paper I; Woodward
et al. 1995), as demonstrated by the subsequent appear-
ance of emission lines with increasing degree of ionization
(see Sect. 2). Shortly after that time, a broad P Cygni
profile from the C iv 1550 A˚ doublet popped up in the
spectrum as a consequence of the decreased opacity in
the envelope. On day 63 hard X–ray emission was de-
tected for the first time with ROSAT (Krautter et al.
1996; Balman, Krautter & O¨gelman 1998). Around day
70 important changes in the polarization properties were
reported (Bjorkman et al. 1994). So we see that around
day 53 - 70 significant changes occurred in the spectrum.
These circumstances, all together, are discussed in Sect.
7.
We note finally that our principal system corresponds
to what Chochol et al. (1997) referred to as the spher-
ical component from the outer envelope. From day 2 to
62 these authors reported the presence of two additional
absorption systems in the Mg ii 2800 A˚ doublet. One of
them would correspond to the range of velocities displayed
in other lines by the diffuse–enhanced system. The other
system has a radial velocity in the range ≈ -3790 to -
4580 km s−1. Such high velocity absorption components
have not been found by us in any of the spectral regions
analysed. After a careful analysis of the Mg ii profiles we
cannot confirm the presence of these high velocity compo-
nents. We believe that these lines are due to the diffuse–
enhanced system from the Fe ii uv32 lines λλ 2790.75 and
2797.04 A˚.
4.2. The stable absorption components
As anticipated in Sects. 3.1.1 and 3.1.8, there is evidence
for stable and quite narrow absorption components from
the Mg ii and the Nv doublets, which appear superim-
posed on the short wavelength wings of the corresponding
emission lines, as shown in Figs. 2a and 3d for Mg ii and
Nv on day 80 and 192, respectively. The peculiarity of
these absorption lines is that their radial velocity, of about
- 600 km s−1, is stable to within about 20 km s−1 over a
long period of time, i.e. from day 53 (when are first seen)
to day 211 (last usable spectrum) for Mg ii, and from day
123 (when are first seen) to day 201 (last usable spectrum)
for Nv. The Doppler widths of these absorption lines can
be measured with some accuracy only when the under-
lying emission is strong enough. The values obtained are
somewhat larger for Nv (FWHM ≈ 180 km s−1 in days
179-201) than for Mg ii (FWHM ≈ 115 km s−1 in days 95
– 211), while the equivalent width (only measurable for
the k line components) is about the same (≈ 0.15 – 0.20
A˚).
4.3. The expansion velocity of the absorption systems
Let us concentrate on the radial velocity variations of the
principal and diffuse–enhanced systems in the 10 spectral
regions shown in Figs. 2, 3, 5 and 6, where the most im-
portant line identifications are reported.
The radial velocity measurements have been carried
out by fitting the absorption profile with a Gaussian func-
tion. The lines studied are: O i 1300 A˚, Mg ii 2800 A˚, S ii
uv1, Fe ii uv44, Fe ii uv8, Fe iii uv34, Al iii uv1, Si iv uv1,
and Nv.
The radial velocity measurements are given in Tables 1
to 5 of the Appendix. 1. The measurements do not include
the C iv 1550 A˚ doublet because of the severe line blending
at early dates, and the insufficient signal level at later
dates.
4.3.1. Accuracy of the radial velocity measurements
Gonza´lez–Riestra et al. (2000) estimated the wavelength
accuracy of IUE high resolution spectra by measuring the
positions of interstellar lines in many well exposed IUE
spectra of standard stars, and found this to be ± 5 km s−1.
Since our spectra are in general not equally well exposed as
those of the standard stars, such a test has been repeated.
To this purpose we have used the interstellar resonance
lines of S ii 1259.53 A˚, C ii 1335.68 A˚, and Mg ii 2796.35
A˚, and obtained the following values: -13 ± 10 (20 mea-
surements), -9 ± 6 km s−1 (31 measurements) and -20 ±
5 km s−1 (46 measurements), respectively. The weighted
mean of these measurements, -15 km s−1, is taken to rep-
resent the accuracy of the relative radial velocity of the
nova with respect to the interstellar medium, and the er-
ror ± 5 km s−1 (the same as found by Gonza´lez–Riestra
et al. 2000), is the expected error in the radial velocity
measurements of individual narrow lines in our spectra.
However, we should consider that, among the absorption
lines analyzed, only the ones from Fe ii uv44–uv45 and of
Fe iii uv34 are about as narrow as the interstellar lines
are. Indeed, the expected error in the velocities may be
up to a factor of four larger, depending on the line width
and on the signal-to-noise ratio.
1 Tables 1 to 5 of the Appendix are only avail-
able in electronic form at CDS via anonymous
ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsweb.u-strasbg.fr/Abstract.html
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Fig. 6. Full line identifications in the C iv region on day 28. The figure shows how the C iv emission–absorption
feature is affected by the overlying absorption from the principal and diffuse–enhanced systems of Fe ii uv44–uv45 and
Si ii uv2. The unshifted Si ii lines are interstellar. Fluxes are in the same units as in Fig. 2
Table 1. Coefficients of the radial velocity law of the principal and diffuse–enhanced systems in Eq. 1
Absorption system v∞ (km s
−1) (v∞ − v0) (km s
−1) τ (days) r.m.s. (km s−1) n Label
Principal t<60 (days) 1752.31±4.42 1135.36±11.39 13.139 ±0.259 76 231 A
Principal (all data) 1974.83±5.11 1102.48± 6.79 27.580 ±0.447 95 309 B
Diffuse (all data) 2898.89±8.46 1769.65±13.15 16.396 ±0.302 102 124
Note: Col. 6 provides the number of measurements, inclusive 48 and 25 measurements for the principal and diffuse–enhanced
systems, respectively, obtained from optical spectra (Annuk et al. 1993; Andrillat & Houziaux 1993)
4.3.2. The velocity law of the principal and
diffuse–enhanced systems
The measured radial velocities vr(t) of the principal and
diffuse–enhanced system are plotted in Fig. 7 as a func-
tion of time t after the discovery. The figure also in-
cludes the radial velocity determinations from optical
spectra (Annuk, Kolka & Leedja¨rv 1993; and Andrillat
& Houziaux 1993) which cover the earliest dates, when
the strongest velocity gradient is observed.
Using a non–linear least squares algorithm, we have
fitted the radial velocity curves with the following expres-
sion:
vr (t) = −v∞ + (v∞ − v0 )e
−t/τ (1)
The values of the parameters so obtained are reported
in Table 1, together with the corresponding errors, the
r.m.s. error of the fit and the number of measurements.
If the observed radial velocities vr(t) reflect an outward
expansion at a velocity v(t) = -vr(t), τ can be interpreted
as a characteristic time related to the acceleration of the
expanding matter, v∞ represents the asymptotic (i.e. ter-
minal) velocity of the outflowing matter, and v0 is the
velocity at t = 0.
Fig. 7 shows that the radial velocity of the diffuse–
enhanced system until day 60 (when it definitively dis-
appears) is fairly well represented by Eq. (1) with the
coefficients in Table 1.
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Fig. 7. Radial velocity of the principal and of the diffuse–enhanced absorption systems for the ions indicated in the
upper right part of the figure. The velocity curves of the two systems have been fitted with the exponential law
in Eq. (1) to obtain the coefficients in Table 1. Two fits are provided for the principal system: Fit A is a better
representation than B for the fast rising part of the curve. Neither of the two representations is fully satisfactory
for all the observations of the principal system. The figure suggests a sudden increase of the radial velocities of the
principal system after day day 53, with a mean value of -2000 ± 90 km s−1 (49 measurements) after that date. Note
the large scatter in radial velocities after day 53
The situation is more complex for the principal sys-
tem, due to the impossibility to represent with a unique
fit both the rising part of the curve (corresponding to the
earliest days) and the velocity “plateau” starting after day
80, when the radial velocity curve becomes rather flat.
We have therefore made two fits. The first, Fit A, was
obtained from the observations made until day 60 (J.D.
2448752); it fairly well represents this period, but it grossly
underestimates the radial velocities in the “plateau” re-
gion which starts after day 80. The second, Fit B, which
includes all the measurements for the principal system, is
a poorer representation than Fit A for the earliest days,
when the largest velocity variations are seen and, in ad-
dition, it clearly underestimates the observed values after
day 80. Both fits are shown in Fig. 7.
The failure to represent the radial velocity of the prin-
cipal system with a unique law may be due to the limita-
tion of the empirical representation of Eq. (1). An inter-
esting alternative, which we adopt as working hypothesis,
is that the velocity law of the principal system has actu-
ally changed after day 60. A careful inspection of the data
in Fig. 7 suggests, in fact, that the radial velocity of the
principal system has suffered from some sort of disconti-
nuity after day 60, jumping from -1760 ± 47 km s−1 in
days 53–60, to -2000 ± 90 km s−1 in the “plateau” phase
after day 80 (from 27 and 49 measurements, respectively).
In the following we will indicate with vpsplat = 2000 km s
−1
the observed mean value of the expansion velocity of the
principal system lines during the “plateau” phase.
As for the expansion velocity just before the jump,
hereafter indicated with vps∞, we have adopted the above
observed value of 1760 km s−1 instead of the asymptotic
value of 1752 km s−1 derived from fitting the radial veloc-
ity data of the principal system before day 60 (see Table
1, Fit A). The velocity jump suffered by the principal sys-
tem is then ∆v = vpsplat - v
ps
∞ ≈ 240 km s
−1. These values,
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Fig. 8. Ionization stratification within the expanding regions. Panel a) shows the radial velocities of the Fe ii (dots)
and Fe iii (crosses) lines from the principal and the diffuse-enhanced systems. Panel b) shows the data of Fig. 7, but
for the principal system only, and only for a limited range of time and velocities. The figures indicate that the radial
velocities are systematically more negative for the higher ionization species.
together with the plateau velocity of the diffuse–enhanced
system vds∞ = 2899 km s
−1 (see Table 1) will be used later
in Sect. 5.
4.3.3. Ionization stratification within the expanding
envelope
As shown in Sect. 3.1, the high ionization resonance lines,
such as the C iv doublet, must be formed in regions which
are deeper inside the envelope than the Fe ii lines, because
the Fe ii lines absorb the broad C iv profile.
There is a second argument which throws light on an-
other aspect of the stratification: radial velocities. Let us
consider the radial velocity of lines of the same element,
but in different ionization stages, such as Fe ii and Fe iii.
The following lines, identified Figs. 3c and 5, were selected
as being sufficiently strong and narrow:
– Principal System: 1584.95 and 1588.30 (Fe ii uv44);
1608.45 and 1618.46 (Fe ii uv8); 1895.46 and 1926.30
(Fe iii uv34).
– Diffuse–Enhanced system: 1895.46 and 1926.30 from
Fe iii uv34 and 1608.446 from Fe ii uv8.
The radial velocity curves of the Fe ii and Fe iii lines
shown in Fig. 8a not only confirm the presence of two ex-
panding zones with different velocity regimes, but contain
information about how the ionization is stratified within
each region. In fact, it can be clearly seen that the Fe iii ra-
dial velocities are systematically more negative than those
of the lower excitation Fe ii lines. If we assume that the
ionization temperature decreases outward, as is well justi-
fied both by nova models (Kato & Hachisu 1994, Bath &
Harkness 1989) and observations (Friedjung 1966b) it fol-
lows that, at a given time, the expansion velocity decreases
outward within each region. Note that such stratification
effects were also present in the data of Fig. 7. They become
very clear when plotting the radial velocity curve of the
principal system in a limited range of time and velocities,
as done in Fig. 8b.
The presence of a velocity stratification within each of
the expanding regions is what actually might cause the ve-
locity spread at a given date (≈ 70 km s−1 for the principal
system) to be substantially larger than the measurement
errors (see Sect. 4.3.1).
A third way to study the ionization structure of the
envelope is to analyse how the equivalent widths of the
absorption systems vary with time for two transitions of
the same element, but in different ionization stages. The
results of this comparison are shown in Fig. 9 for the lines
of a) Fe ii the 1618.46 A˚, and b) Fe iii 1895.46 A˚. If we
restrict ourselves to the results before day 40, we see that
the Fe ii line is significantly stronger in the principal sys-
tem than in the diffuse–enhanced system while, on the
contrary, the higher ionization Fe iii line is stronger in the
diffuse–enhanced system. These observations are clearly
consistent with a model in which the diffuse–enhanced sys-
tem is formed deeper inside the expanding envelope of the
nova, where the degree of ionization is higher.
Finally, the stratification effects may be seen also in
the Doppler widths (FWHM) of the Fe ii and Fe iii lines
from the principal and the diffuse systems. In Fig. 10 we
show as a function of time the width of the Fe ii 1588.3
A˚ line from the principal system (the corresponding dif-
fuse component cannot be used because of blending), and
that of Fe iii 1926.3 A˚ from both the principal and diffuse
systems. Indicative values of the line widths for the prin-
cipal system component of Fe ii 1588.3 A˚ are: 300 and 180
km s−1 for days 15 and 55, respectively. In the same pe-
riod, the widths of the Fe iii 1926.3 A˚ line decreases from
≈ 705 to 280 km s−1 in the diffuse system and from ≈ 625
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Fig. 9. The equivalent width of the absorption components from the principal and the diffuse–enhanced system as
a function of time after outburst for: a) Fe ii 1618.46 A˚ and, b) Fe iii 1895.46 A˚. Up to day 40, the principal lines
of Fe II are stronger than the diffuse–enhanced lines, whereas the reverse is true for the Fe III line (see Sect. 4.3.3).
Note the sudden drop of the equivalent width for the Fe iii diffuse–enhanced system on days 51–53. After day 53 the
diffuse–enhanced component of the Fe iii 1895.46 A˚ absorption is no longer seen (Sect. 4).
Fig. 10. The Doppler width (FWHM) of the absorption components of a) Fe ii 1588.3 A˚ (principal system), and b) of
Fe iii 1926.3 A˚ (principal and diffuse–enhanced systems) are plotted against time after the outburst. Linear regressions
to the data of the principal system (crosses) and of the diffuse–enhanced system (dots) are indicated with a dashed
line and a dotted line, respectively
to 144 km s−1 in the principal system. It can be clearly
seen that a) the Fe iii line is almost a factor of two broader
than Fe ii and b) the width of the diffuse–enhanced com-
ponent of Fe iii 1926.3 A˚ is systematically larger than that
of the principal system.
5. Possible interpretations of the radial velocity
curves
5.1. Non–spherical geometry of the outburst
The case of non–spherical geometry of the ejecta has been
investigated by Lloyd et al. (1993) to explain the increas-
ing observational evidence for a bipolar structure in recur-
rent novae. In this framework, the high and low velocity
absorption systems could arise from material ejected in
the equatorial plane and along the polar axis, at different
speeds. There is indeed unconfutable evidence for depar-
tures from spherical symmetry in the ejecta of V1974 Cyg
2–3 years after the outburst (Paresce et al. 1995; Shore
et al. 1997). However, should such geometrical effects be
applicable to novae in general, the wide spread of possi-
ble system inclination angles would cause the ratio be-
tween the expansion velocity of the diffuse–enhanced sys-
tem and that of the principal system to vary in a wide
A. Cassatella et al.: Nova V1974 Cyg: IUE high resolution spectroscopy 13
range for different novae, in contrast with the observa-
tional evidence that it varies in a small range of values
between 1.5 and 2 (McLaughlin 1960). In V1974 Cyg this
ratio is about 1.6. For V1974 Cyg the major argument
against a bi-directional interpretation of the two absorp-
tion line systems comes from the fact that both velocity
systems are seen in absorption. This implies that the ab-
sorbing matter of both systems is in the line of sight from
the emitting region (i.e. the close to the star) to the ob-
server. This is difficult to reconcile with a model in which
one of the systems comes from a disk and the other from
polar ejections, unless both cover a large solid angle.
5.2. Discrete shell ejections
We propose a new model, described in detail in the next
section, in which the principal and the diffuse–enhanced
systems arise from two discrete expanding shells ejected in
separate events. The principal system shell, or main shell,
is impulsively ejected at the moment of the outburst, is
located in the outermost expanding regions, and contains
the bulk of the ejected matter. A following less massive
impulsive ejection event gives rise to a second faster
expanding shell, where the diffuse–enhanced system is
formed. We provide below two arguments in favour of
the above interpretation, which come from a constraint
on the angular size of the nova on day 10, and from the
detection of X–ray emission on day 63.
a) The angular size and the distance of V1974 Cyg
According to the interferometric measurements of
Quirrenbach et al. (1993) the angular radius of V1974 Cyg
in hydrogen Hα on day 10 was 2.5 ± 0.12 mas. The dis-
tance to V1974 Cyg can be obtained by comparing this
angular size determination with the distance reached by
the principal system expanding shell, as predicted from
the expansion law in Eq. (1).
The mean radius of the shell at time t10 = 10 days
can be obtained by integrating Eq. (1) over time. Using
the appropriate constants for the principal system (Fit A
from Table 1), and assuming that at the time of the out-
burst t0 the radius of the shell is about 100 R⊙, one finds
r(t10) = 1.1 10
9 km. This value, combined with the angu-
lar radius in hydrogen Hα on day 10 from Quirrenbach et
al. (1993), leads to a distance of 2.9 ± 0.2 kpc, which is
in good agreement with the distance of 2.3 to 2.9 kpc ob-
tained by these authors by assuming a constant velocity in
the range 1000 to 1300 km s−1. Our determination is also
in agreement with the range of values, ≈ 2.2 – 3.4 kpc ob-
tained by Della Valle & Livio (1995) from their upgraded
maximum magnitude versus rate of decline relationship.
We conclude that the velocity law of the principal system
(see Eq. (1) and the coefficients of Fit A in Table 1) is con-
sistent with the extended source observed by Quirrenbach
et al. (1993) on day 10, if the principal absorption line sys-
tem is formed in the outermost shell that contains most
of the nova ejecta.
Our distance determination agrees also with the
distance of 1.8 to 3.2 Kpc given by Paresce et al.
(1995) on the basis of FOC HST imaging in 1993–1995.
According to Paresce et al. (1995) there is clear evidence
from FOC observations that the expanding nebula was
spherically symmetric in May 1993 and that it developed
an elliptical ring shape by January 1994. Paresce et al.
(1995) interpreted this morphological transformation, as
well as the different expansion rates along the major and
minor axes in terms of deposition of angular momentum
by the 1.95 hr period binary into the initially spherically
symmetric nebula. The presence of an expanding ring
around V1974 Cyg is also confirmed by the optical
spatially resolved spectra obtained by Rosino et al.
(1996) in 1994–1995, and by GHRS ultraviolet spatially
resolved spectra obtained by Shore et al. (1997) in 1995.
b) The origin of the hard X–ray emission
Let us consider the hypothesis that the diffuse–enhanced
system arises from regions which are located deeper inside
the nova envelope and are expanding faster than those
where the principal system is formed. We are interested
in knowing if and when the fast moving diffuse system
shell will overtake the principal system shell. This can
be derived by integrating Eq. (1) over time. The implicit
a priori assumption is that we are dealing with two sep-
arate shells, i.e. that the measured velocities reflect the
velocity of the outflowing matter. As boundary conditions
we impose that, at t10 = 10 days, the shell that pro-
duces the principal system has a mean radius of about
r(t10) ≃ 1.1 10
9 km, as derived from the interferomet-
ric observations (see above). The mean radius of the shell
that produces the diffuse system is not well known. If we
assume that it is roughly 100 R⊙ on day 10, and use the
relevant constants in Table 1, we find that the diffuse sys-
tem shell will reach the principal system shell on day 30
at a radial distance of 3.6 109 km from the white dwarf
centre. In reality, both the date of encounter and the ra-
dial distance should be considered as lower limits, since
the encounter date is mainly determined by the low ve-
locity in the early days, and the velocity law in Eq. (1)
tends to overestimate the expansion velocities in the ear-
liest days (see Sect. 4.3.2). Tests in this sense were made
by making “local” fits (i.e. in restricted time intervals)
to the radial velocity data in Fig. 7 and integrating the
combined results. Keeping nearly the same boundary con-
ditions as above, we find that the encounter took place at
a later date, i.e. on day 42, at a radial distance of 5.4 109
km from the white dwarf center. The large changes of the
equivalent width of the diffuse–enhanced Fe ii and Fe iii
lines which took place after day 40 (see Fig. 9) suggest
that the latter date of encounter is more realistic than
day 30. We then assume that the two shells have started
to merge together around day 42. Because of the finite
thickness of the shells, this process will last until the less
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massive diffuse system shell is fully mixed with that of the
supposedly more massive principal system. By this mecha-
nism it is possible to account for the disappearance of the
diffuse system between day 53 and 60, and the jump in
the radial velocity at the “plateau” phase of the principal
system.
With this hypothesis we can actually estimate the mass
ratio of the principal and diffuse system shells Mp/Md.
In Sect. 4.3.2 we have discussed the possibility that the
principal system shell, to reach the observed “plateau”
value of vpsplat = 2000 km s
−1, has accelerated after day
53 by ∆v = vpsplat - v
ps
∞ ≈ 240 km s
−1 from vps∞ = 1760
km s−1.
Suppose that such an acceleration is actually the result
of a merging process of two shells with different masses and
with initial and final velocities vds∞ = 2899 km s
−1 and
v
ps
plat, respectively. We can then evaluate the mass ratio
from the momentum conservation equation as Mp/Md =
(vds∞ -v
ps
plat)/∆v. With the quoted values for the velocities
we find that the principal system shell is roughly 4 times
more massive than that of the diffuse system.
If the disappearance of the diffuse–enhanced system
is due to the formation of a shock front, a hot plasma is
produced, whose temperature can be evaluated from the
velocity difference ∆vpd= v
ds
∞ - v
ps
∞ between the asymp-
totic velocities of the two systems as
Tshock =
3
16
µmH(∆vpd)
2
κ
≈ 12.1(
∆vpd
100 km s−1
)2 eV (2)
(see Lamers & Cassinelli 1999). With vds∞ = 2899 km s
−1
(see Table 1) and vps∞ = 1760 km s
−1(Sect. 4.3.2) we ob-
tain a shock temperature Tshock ≈ 1.6 keV. This value
is lower than the value of ≈ 10 and 5 keV observed by
Balman et al. (1998) on day 63 and 91, respectively, but
is close to the nearly constant temperature of the X–ray
hard emission component reported by Balman et al. (1998)
for days 97 to 653. We can reasonably conclude that the
hard X–ray emission from V1974 Cyg is most likely due
to shock interaction of the diffuse–enhanced system with
the principal system matter.
6. Towards an empirical model
In this section we summarize the important observational
results of this paper and propose an empirical model to
explain the observations.
6.1. The observed properties
1. The UV spectrum at early phases (day <∼ 14 for Mg ii
and later on for higher excitation lines), is charac-
terized by P Cygni profiles in the major UV reso-
nance lines, with very high edge velocities of about
3400 km s−1. The P Cygni profiles gradually change
into full, approximately symmetric emission lines (see
Sect. 3.1). This suggests that line formation progres-
sively shifts toward the inner and denser regions of the
pseudo–photosphere.
2. The width (FWHM) of the emission lines decreases
rapidly with time from about 3800 km s−1 on day 14,
to 2300–2400 km s−1 on day 100. It then decreases
at a much slower rate down to 2100 km s−1 on day
250. When the emission dominates the P Cygni pro-
files (after about day 20 for Mg ii), the density in the
wind must be high (see Sect. 3.2). So the decreasing
width of the emission components suggests that the
line-emitting layers move deeper into the accelerating
layers of the wind, or that the wind velocity is decreas-
ing with time (but there is no evidence for this in the
present case).
3. The time of maximum emission depends strongly on
the ionization stage: Mg II reaches its maximum on
day 21, O i λ 1300 A˚ (which via fluorescence reflects
the strength of Lyman β) peaks at day 42, C iii] on day
77, O iii on day 143, and Nv on day 215 (see Sect. 2).
This shows that the degree of ionization in the wind
increases with time as the central source gets hotter.
4. The IUE observations show that, including the very
first days, low excitation narrow absorption lines can
be detected superimposed on the P Cygni profiles or
the emission profiles (see Sect. 3). This indicates that
the emission lines are formed inside the region where
the absorption components are formed.
5. Two velocity systems of absorption lines can be recog-
nized: the principal system and the diffuse-enhanced
system. At any time, the expansion velocity of the
diffuse–enhanced system is higher than that of the
principal system by about 600 to 1000 km s−1. The
expansion velocity of both systems increases with time
according to Eq. (1), exponentially reaching a velocity
of ≈ 1750 km s−1 and ≈ 2900 km s−1, respectively (see
Table 1).
6. The principal system lines are present in the spectra
of day 1.3. The diffuse–enhanced system lines are ab-
sent on day 1.3 but they are present in the spectra of
day 6.3. The optical spectra by Andrillat & Houziaux
(1993) show that the diffuse–enhanced lines are first
seen at about day 3.3 and are already strong on day
5 (unfortunately we do not have UV-spectra in this
period). This shows that the P Cygni profiles that are
observed on day 1.3 mark a phase in between the for-
mation of the principal and of the diffuse–enhanced
system lines.
7. The width (FWHM) of the absorption components of
both the principal and the diffuse systems decreases
with time, but the diffuse system lines are generally
broader than the principal system lines (see Fig. 10).
8. Within both regions that form the principal system
and the diffuse–enhanced system lines, the higher ion-
ization lines have a slightly higher expansion velocity.
The velocity difference is of the order of 200 km s−1
only. This suggests that within each of these two re-
gions, at any time, the higher velocity layers are deeper
than the lower velocity layers.
9. After day 60 the diffuse–enhanced system lines dis-
appear suddenly, and shortly thereafter the principal
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system lines show a discontinuous increase in velocity
of ≈ 240 km s−1. Around the same period, other signif-
icant changes in the spectrum occur: hard X-rays are
observed for the first time, and the degree of polariza-
tion changes. This has been explained in Sect. 5.2, by
means of an encounter/collision and final merging of
the two shells where the two absorption line systems
are formed.
10. From about day 53 to 211, when there is enough sig-
nal in the short wavelength emission wing of the Mg ii
emission, narrow shortward–shifted absorption compo-
nents are seen superimposed on the emission at a sta-
ble radial velocity of about -600 km s−1(Fig. 2a). The
same stable absorption components at -600 km s−1 are
also seen in the Nv doublet from day 123 to 201, but
are best detected near the latest dates, when the un-
derlying doublet emission has become strong enough
(see Fig. 3d). These narrow and stable absorption lines
are probably formed at a very large distance from the
star from matter ejected in the WD–wind before the
nova eruption, not yet perturbed by it. Their later ap-
pearance in Nv than in Mg ii is a signature of the
increasing degree of ionization in the pre–nova wind.
6.2. A multi-phase model
To explain the observed characteristics, we consider a
schematic dynamical model in which mass loss has gone
trough five phases. Each mass loss phase is responsible for
the occurrence of certain spectroscopic features. In a time
sequence of events, these phases are:
I The pre-nova wind phase. A low mass loss wind from
the white dwarf sets in with a velocity of about -600
km s−1 long before the outburst.
II The main ejection phase. This phase probably
starts about 3 days before the discovery time (see
Introduction) and lasts a very short time (<∼ 1 day).
It is characterized by a high mass loss rate, and by
an initial wind velocity of at least ≈ 500 km s−1at day
zero. This high mass loss phase produces the main shell
that contains most of the ejected matter and gives rise
to the principal absorption line system. During this
phase, the ejection velocity increases with time, proba-
bly due to a decreasing mass loss rate, as e.g. predicted
in the optically thick nova ejection models by Kato &
Hachisu (1994).
III An intermediate wind phase with a lower mass loss
rate but with a very high outflow velocity. It is re-
sponsible for the P Cygni profiles seen on day 1.3.
IV A second ejection phase of high mass loss rate. It
takes place at some stage between day 3 and 5 and
lasts a very short time (<∼ 1 day). The mass loss rate
is lower and the velocity is higher than during the first
ejection phase. Also during this phase the wind ve-
locity increases with time, possibly accompanied by a
decreasing mass loss rate. The resulting shell gives rise
to the absorption components of the diffuse system.
V A high velocity wind phase of relatively low mass loss
rate. It lasts relatively long, about 102 days at least.
The P Cygni profiles and the emission lines are pro-
duced in this wind. This phase represents the natural,
smooth continuation of phase III, but is characterized
by a lower mass loss rate and ejection velocity.
The above time sequence of mass loss phases (or
episodes in the case of the main and second ejections)
gives rise to a highly stratified envelope, whose structure
changes with time. To illustrate these changes we have
sketched in Fig. 11 the radial profile in density and veloc-
ity for day 10 and day 60. The structure of the envelope
around day 10 is rather complex. From inside to outside
we find: the high velocity wind (which is accelerated in a
optically thick inner region), the second shell (giving rise
to the diffuse system), an intershell region between the
second shell and the main shell (we have little informa-
tion on this shell except that its column density must be
so low that it does not produce detectable absorption com-
ponents), the massive main shell, and the pre–nova white
dwarf wind. By day 60 the second shell has merged with
the main shell and the wind is no longer optically thick.
We stress that the velocity decreases outwards in both
the main shell and the second shell. This is not due to
a deceleration of the wind (which would be impossible,
because the gravity of the white dwarf is not strong enough
to decelerate the wind once it has moved away more than
about 10 R⊙ or about 10
3 RWD), but is due to the fact
that the ejection velocity increased with time, probably in
step with a decrease of the mass loss rate.
6.3. The structure and evolution of the envelope
The evolution of the individual components of the nova
envelope and the observational consequences are better
understood if the innermost region, which provides the
ionizing flux to the rest of the envelope, is discussed first.
Then, going from the inner to the outer regions, the evo-
lution can be described as follows:
The high velocity wind sets in after the other mass loss
phases. It gives rise to the emission profiles that are
seen as prominent features after about day 6. Up to
roughly day 14 the mass loss rate is so high that this
wind is optically thick in the UV continuum, so that
the pseudo-photosphere lies within the wind. As the
mass loss rate decreases, the wind becomes optically
thin in the continuum, and the lower layers of the
pseudo photosphere move inwards. This has two ef-
fects: (1) the effective temperature increases as the ef-
fective radius of the star decreases, and (2) radiation
from the inner layers of the wind, where the velocity
is smaller and the density is higher than outside, be-
comes detectable. This explains the decreasing width
of the emission components (Figs. 2, 3 and 4), as well
as the increase in the degree of ionization in the wind
with the higher ionization stages peaking at later times
than lower ionization stages (Fig. 1).
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Fig. 11. A sketch of the density structure (top) and velocity structure (bottom) of an empirical multi-phase wind model
at about day 10, and day 60 described in Sect. 6.2. The distance scale is only approximate. The different zones are
indicated as well as the approximate velocities. On day 10 (left hand panel), the two absorption line systems are formed
in the two shells (light grey). In this early phase the mass loss rate of the wind is so high that the pseudophotosphere
is located inside the wind. Radiation from the deeper high density layers of the wind (dark grey) does not escape. On
day 60 (right hand panel) the high velocity wind is no longer optically thick in the continuum, so the emission lines
from the deepest wind layers can be observed. The second and the main shell have merged into a single shell (light
grey). The mass loss rate has decreased so that the inner part of the wind is no longer optically thick.
The second ejection phase at around day 3 to 5 produces
the second shell that has an initial velocity of about
1500 km s−1 or less (Fig. 7). The absorption lines of
the diffuse system are formed in this shell. During the
ejection, which lasts a short time, the ejection velocity
slightly increases with time, which results in an out-
ward decreasing velocity. This explains why the higher
ionization absorption lines show a slightly more nega-
tive Doppler velocity than e.g. the Fe ii lines (Fig. 8).
As the star gets hotter as a consequence of the receding
pseudo–photosphere, its increasing UV flux accelerates
the shell by radiation pressure in the very numerous
UV absorption lines, similar to the radiative acceler-
ation of line–driven winds. This explains the increase
in the radial velocity of the diffuse system up to a ve-
locity of ≈ - 2800 km s−1 near day 60 (Fig. 7). As the
shell moves outward, its column density decreases and
the absorption lines get weaker (Fig. 9) and narrower
(Fig. 10).
At the same time, the degree of ionization increases
because the star gets hotter. This explains why the
equivalent width of the Fe II lines decreases, whereas
the Fe III absorption lines first get stronger up to day
40 and then get weaker (Fig. 9). The decrease of the
column density with time has another observable ef-
fect. The region where the absorption lines are formed
moves deeper into the shell. This implies that the ab-
sorption occurs over a region with a smaller velocity
range. This explains the observed narrowing of the ab-
sorption lines (Fig. 10).
The main shell is ejected at a velocity of less than of 700
km s−1 (Fig. 7) about 3 days before the discovery. The
absorption lines of the principal system are formed in
this shell. There is a small negative velocity gradient,
which explains the difference in Doppler velocity of the
absorption lines of different ionization stages (Fig. 8).
Radiation pressure accelerates this shell in a similar
way as the shell where the diffuse absorption lines are
formed, and the main shell reaches a velocity of about
- 1800 km s−1 near day 60. The degree of ionization
slowly changes with time (Fig. 9) in the same way as in
the second shell, and the absorption lines get narrower
(see Fig. 10) for the same reason. The velocity differ-
ence between this shell and the faster moving second
shell inside leads to a merging of the two shells around
day 60, as explained in Sect. 5.2. This merging leads
to the disappearance of the diffuse system absorption
lines after day 60, the jump in velocity of the principal
system absorption lines, of about 240 km s−1, which
occurs between day 60 and 80, and the detection of
hard X-rays around that time. This situation at about
day 60 is sketched in Fig. 11. The remaining shell will
be overtaken by material from the fast wind. However,
the density contrast between the main shell and the
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fast wind may be so large that the dynamic accelera-
tion of the shell will take a long time. It will probably
lead to afragmentation, as is observed in old nova shells
(Slavin, O’Brien & Dunlop 1995).
The material ejected by the white dwarf during the pre-
nova wind phase is little disturbed during the first few
hundred days. This material produces the very sta-
ble, weak and narrow absorption lines seen at -600
km s−1on top of the Mg ii and the Nv doublets (see
Fig. 5 of Sect. 3.1.8 and Fig. 2 of Sect. 3.1.1).
6.4. Interaction between the different wind phases?
We notice that the overall outward decrease of the expan-
sion velocity in the different wind regions will lead to the
wind layers catching up with their neighbours. Yet there
is little evidence for merging of the layers, except for the
second shell merging with the main shell. For instance, the
fast wind with its velocity of about 3500 km s−1 observed
on day 1.3, i.e. in between the two shell ejections, should
catch up with the main shell with its initial velocity of
about 700 km s−1, increasing to 1500 km s−1, in about 10
to 15 days, if the main shell was ejected 3 days before the
fast wind started. The lack of a clear sign of the interac-
tion suggests a large density contrast between the wind
and the main shell.
One of the most significant results of this study is the
simultaneous increase in velocity of the main shell and
the second shell. We have explained this in terms of ra-
diative acceleration by the star due to its increasing UV
flux. Could the acceleration be due to dynamic interaction
(momentum transfer) of the different shells? This seems
unlikely, given the fact that the acceleration of both shells
up to day 60 is remarkably similar (Fig. 7). If the main
shell was accelerated by the interaction with the second
shell, and the second shell by interaction with the fast
wind, the similar acceleration would require a finetuning
between the momentum increase of the two shells by the
two interaction zones, which seems unlikely. On the other
hand, if the acceleration of the two shells is due to radi-
ation pressure, the similar acceleration is simply the re-
sult of radiation pressure by optically thin lines in both
shells. For radiation pressure in optically thin lines the ra-
diative force per unit mass, and thus the acceleration, is
proportional to the flux and independent of the density.
So shells with different densities, but with rather similar
ionization conditions, will experience the same accelera-
tion. Still, the shell closer to the star will experience a
slightly larger acceleration because of the larger incoming
flux. The different radial distance of the shells explains
why the second shell, which is closer to the star than the
main shell, experiences a slightly larger acceleration.
An interesting question is how the above interaction
would affect the velocity field of the pre–maximummatter.
The only trace we have of the pre–nova wind is the pres-
ence of narrow and stable components of the Nv doublet
at -600 km s−1appearing superimposed on the doublet
emission. The stability in velocity and equivalent width
of these narrow components between day 123 and 192 is
not suggestive of formation by dynamical interaction, but
rather supports the idea that they are formed by photoion-
ization in a low density region far away from the nova.
7. Discussion and conclusions
The present investigation, based on high resolution ultra-
violet spectroscopy of V1974 Cyg has led to an empirical
model in which the object goes through different mass
loss phases. The major results of this study are:
(1) In the earliest days the high velocity wind is opti-
cally thick so that the pseudo–photosphere lies within the
wind itself. The P Cygni profiles observed in the strong
UV resonance lines are formed in this wind. The absorp-
tion components of the P Cygni profiles do not start at
zero Doppler velocity, because the lower velocity or accel-
eration layers of the wind are located below the pseudo-
photosphere. As the mass loss rate of the wind decreases,
the pseudo-photosphere moves inwards, and the deeper
higher density wind layers become visible, where emis-
sion components are formed by recombination and/or col-
lisional excitation. The receding pseudo-photosphere also
results in a decrease of the effective radius, which causes
an increase of the effective temperature. This explains the
increasing degree of ionization, reflected in the observed
strengthening of the higher excitation emission lines at the
same time that the lower excitation lines become fainter.
As the mass loss rate and the wind density decrease fur-
ther, the emission comes from deeper layers in the wind,
where the velocity is smaller, which results in the observed
narrowing of the emission lines (see Williams 1992).
(2) Superimposed on the emission lines, one observes
two absorption line systems, which are formed in two dif-
ferent shells. The main shell is ejected first and the sec-
ond shell is ejected later, around day 3 to 5 (see spectra
of Andrillat & Houziaux, 1993). The acceleration of the
two shells is remarkably similar, which suggests a common
mechanism. We propose that the shells are accelerated by
radiation pressure in spectral lines (similar to the winds
of hot stars) due to the increasing UV brightness of the
star.
(3) Within each of the two shells the higher ionization
lines have a slightly higher outflow velocity than lower
ionization lines, which indicates that the velocity of the
shells decreases slightly outwards. This is not due to the
gravity of the star, nor to the interaction with material
outside the shells, but most likely due to the fact that the
velocity slightly increased with time during the ejection of
the shells.
(4) The inner shell (second shell), which has a higher
velocity than the outer shell (main shell) catches up with
the outer shell at about day 50 to 70. This agrees roughly
with the interaction time expected, based on the difference
in velocity of the two shells (Sect. 5.2). Also, it explains
the rather drastic disappearance of the faster shell system
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around that date, as well as the sudden increase in velocity
of the main shell, and the appearance of hard X-ray flux.
From the velocities of the faster secondary shell, of the
slower main shell, and the final velocity of the merged
shell we estimate that the mass ratio of the main shell to
the second shell is roughly 4/1 (Sect. 5.2).
(5) In Sect. 5 we estimated the distance to V1974
Cyg by assuming a spherically symmetric expansion for
the nova envelope at the time of the Hα interferometric
measurements of Quirrenbach et al. (1993) on day 10,
and by combining these with the estimated radius of the
principal system at the same date. The value so obtained,
2.9 kpc, is in good agreement with the independent
estimates by Quirrenbach et al. (1993), Della Valle &
Livio (1995) and Paresce et al. (1995).
Our model is qualitatively in agreement with the op-
tically thick wind models of novae, by Kato & Hachisu
(1994), first introduced by Friedjung (1966a,b,c), and fur-
ther treated by Kovetz (1998) and Bath & Harkness
(1989), who showed that the decreasing mass loss rate
of the wind will result in an inward moving photosphere,
an increase in the effective temperature and an increase in
the degree of ionization in the wind. Since in these models
matter is accelerated deep inside the pseudo–photosphere,
it is possible in this way to explain the formation of the
peculiar P Cygni profiles seen in the earliest spectra and
the progressive narrowing of the emission lines. Also, be-
cause of the predicted inward recession of the pseudo–
photosphere and the consequent increase of the effective
temperature, it is possible to explain with an unique mech-
anism the acceleration of the two outward moving shells by
radiation pressure in the UV lines. The stratified structure
within the expanding shells as suggested in the present
model, is in agreement with the major observational fea-
tures reported by Friedjung (1966b,c), i.e. the overall de-
crease of the expansion velocity and of the (Zanstra) tem-
perature with increasing radial distance.
However, our observations and our empirical model re-
quire that the nova ejected two shells: one before the dis-
covery at about day -3, and one at about day 3 to 5.
In this way it is possible to explain why the absorption
of the principal system lines is superimposed on the P
Cygni profiles of the wind observed on day 1.3 and why
the principal and diffuse–enhanced system lines are super-
imposed on the wind emission lines after day 6. The first
shell contains most of the ejected matter and the second
shell, ejected with a higher velocity, contains considerably
less material (about 1/4 in this case). We might suggest
that the second ejection is the reaction to the main ejec-
tion. After the ejection of the main shell, the envelope
is out of balance and will try to restore equilibrium, but
if this does not succeed immediately, due to some sort of
overshooting, a second, less massive shell might be ejected.
We like to point out that a similar effect occurs in the
large eruptions of luminous blue variables (LBV), which
also show that the main eruption is followed by a second
one (Humphreys, Davidson & Smith, 1999). In the case of
LBVs, which are very extended and have a small surface
gravity, the main eruption lasts for tens of years, and the
second eruption occurs about 60 years after the main one.
In the case of eruptions from the surface of white dwarfs,
where the gravity is very high, the time scales will be much
shorter. It might be interesting to see if dynamical models
of nova eruptions show this effect.
According to Friedjung (1987), the principal system
shell (here the main shell) is formed by interaction of a
wind continuously ejected at a decreasing rate, with ma-
terial ejected before optical maximum. This model does
not explain, however, the presence of the second absorp-
tion system with higher velocity, produced inside the main
shell. Although Friedjung’s interaction model is attractive
because wind–shell interaction is likely to occur (see also
McLaughlin, 1960; Friedjung & Duerbeck 1993), it is not
clear how this could lead to two shells with strongly dif-
ferent and well separated velocities. On the other hand,
as discussed in Sect. 5.2, it is unlikely that the two ab-
sorption systems are due to flows in two directions, e.g.
one in the orbital plane of the binary and one in the polar
direction.
To conclude, we would like to encourage further stud-
ies of radial velocity variations in novae (poorly pursued
nowdays), especially during the first few days, since they
represent a powerful means to get insight into the dynam-
ical structure of the nova envelopes and into the origin
of the X–ray emission. Such studies should also provide
valuable input information for non–LTE synthetic spectra
of novae (see e.g. Short et al. 2001).
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